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(54) CONTROLLER FOR POWER CONVERTER 

(57)Abstract: 

PROBLEM TO BE SOLVED: To solve a problem that ripples 
increase in a primary current being fed to an AC motor to cause 
increase in the torque ripple or harmonic loss of the AC motor. 
SOLUTION: Depending on a signal proportional to the on time 
within a period of the carrier signal of a switching element, and a 
timing signal for time varying any one of on timing or off timing of 
the switching element every a plurality of periods of the carrier 
signal, a switching signal for driving the switching element is 
outputted from a switching signal generating means. 
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CLAIMS 



[Claim(s)] 

[Claim 1] In the power converter which controls output voltage by Pulse-Density-Modulation control An 
electrical-potential-difference command signal generating means to output an electrical-potential-difference 
command signal, and a carrier signal generation means to output a carrier signal, The ON time amount within 1 
period of said carrier signal of the switching element which inputs said electrical-potential-difference command 
signal and said carrier signal, and obtains said output voltage An ON time amount signal generation means to 
generate the signal which asked for the average in 1 period of said carrier signal of said output voltage to be in 
agreement with said electrical-potential-difference command signal, and is proportional to said ON time 
amount, A timing signal generating means to generate the timing signal to which either the on-timing of said 
switching element or off-timing is changed in time for every term two or more rounds of said carrier signal, The 
control unit of the power converter characterized by having a switching signal generating means to output the 
switching signal which drives said switching element according to said ON time amount signal and said timing 
signal. 

[Claim 2] In the power converter which controls output voltage by Pulse-Density-Modulation control An 
electrical-potential-difference command signal generating means to output an electrical-potential-difference 
command signal, and a carrier signal generation means to output a carrier signal, Said electrical-potential- 
difference command signal is inputted. A control signal operation means to make it change in time for every 
term two or more rounds of this carrier signal in the range in which the difference of the amplitude does not 
exceed the amplitude of said carrier signal, without calculating the 1st and 2nd control signals proportional to 
this electrical-potential-difference command signal, and changing the difference of the amplitude for the 
amplitude of these 1st and 2nd control signals, A difference with the pulse signal obtained from the comparison 
of the amplitude of the amplitude of the pulse signal obtained proportionally and said carrier signal of the 
amplitude of the amplitude of said carrier signal and said 1st control signal and said 2nd control signal is 
embraced. The control unit of the power converter characterized by having a switching signal generating means 
to output the switching signal which drives the switching element which obtains said output voltage. 
[Claim 3] While carrying out series connection of the 1st and 2nd switching elements between the positive 
electrode of DC power supply, and a negative electrode In the power converter which formed the inverter which 
makes the node of said the 1st and 2nd switching element the output terminal of an inverter by the three phase 
circuit Three top-most vertices which adjoin mutually [ the electrical-potential-difference vector which becomes 
settled corresponding to the condition of the switching element of each phase ] a carrier signal generation means 
to output a carrier signal for every field connected and formed The sequence which outputs these electrical- 
potential-differences vector within 1 period of said carrier signal while choosing beforehand two zero electrical- 
potential-difference vectors which form one top-most vertices of the field concerned, and two electrical- 
potential-difference vectors which form the remaining top-most vertices, respectively is determined beforehand. 
An electrical-potential-difference vector selection means to memorize these electrical-potential-differences 
vector and its output order, An electrical-potential-difference command signal generating means to output an 
electrical-potential-difference command signal with the gestalt of a vector, A field judging means to judge the 
field in which said electrical-potential-difference command signal is inputted into, and this electrical-potential- 
difference command signal is located for every period of said carrier signal, So that the average in the 1 -round 
period of said carrier signal of the output voltage of said inverter may be in agreement with said electrical- 
potential-difference command signal An operating-time decision means to opt for the allocation in 1 period of 
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said carrier signal of the operating time of the sum of said two zero electrical-potential-difference vectors 
chosen in the field judged with said field judging means, and other operating times of two electrical-potential- 
difference vectors, An operating-time change means to change allocation of the operating time of said two zero 
electrical-potential-difference vectors in time for every term two or more rounds of said carrier signal, The 
control unit of the power converter characterized by having a switching signal generating means to output the 
switching signal which drives the switching element of each of said phase from the operating time for every 
electrical-potential-difference vector. 

[Claim 4] The control unit of a power converter given [ of claim 1 to the claims 3 characterized by having a 
carrier signal generation means by which a frequency outputs the carrier signal of the variable frequency which 
changes in time ] in any 1 term. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the control unit of power converters, such as a chopper, an 
inverter, etc. with which output voltage is controlled by pulse-width-modulation control (PWM control). 
[0002] 

[Description of the Prior Art] The rectifier circuit which connected [ in / drawing 15 is the block diagram 
showing the PWM inverter as a conventional power converter shown in JP,3-79959,B, and / drawing 15 ] 51 to 
the output side of the three-phase-alternating-current power source 59, and 52 are power converters, such as an 
PWM inverter which changes the direct current from a rectifier circuit 51 into an alternating current, and is 
supplied to AC motor 57 as a load, for example, are constituted using self-extinction of arc mold switching 
elements, such as a transistor and a GTO thyristor. 

[0003] The adder with which 61 adds the output of the subcarrier (carrier) control circuit 53 and the output of 
the carrier center frequency setting circuit 60, the carrier signal generating circuit which connected 54 to the 
output side of an adder 61, the comparator which 55 measures the output of the carrier signal generating circuit 
54 and the output of the output voltage pattern generating circuit 56, and outputs an PWM signal, and 58 are 
gate circuits which amplify the above-mentioned PWM signal and are supplied to the above-mentioned PWM 
inverter 52. , 

[0004] Next, actuation is explained. The rectification bridge 51 changes the alternating current from the three- 
phase-alternating-current power source 59 into a direct current, and supplies it to a power converter 52. The 
carrier control circuit 53 outputs pattern signals, such as a sine wave, a triangular wave, etc. to which the 
frequency of a carrier signal is changed periodically, and the carrier center frequency setting circuit 60 outputs 
the fixed signal (direct current signal) for setting up the center frequency of a carrier signal. It continues, these 
pattern signals and a center frequency setting signal are added by the adder 61, and it is inputted into the carrier 
signal generating circuit 54 as a carrier frequency command signal. 

[0005] The above-mentioned carrier signal generating circuit 54 generates the carrier signal with which a 
frequency is proportional to the amplitude of this carrier frequency command signal. Then, a comparator 55 
compares the amplitude of this carrier signal with the amplitude of the control signal outputted from the output 
voltage pattern generating circuit 56, and outputs that comparison result to a gate circuit 58 as an PWM signal 
of the pulse width determined by Pulse-Density-Modulation control. Continuing, a gate circuit 58 amplifies an 
PWM signal and controls a power converter 52. 

[0006] By the above PWM control action, a power converter 52 outputs the alternating voltage proportional to 
the output signal of the output voltage pattern generating circuit 56, and drives AC motor 57. Here, the carrier 
control circuit 53 changes in time the frequency of the carrier signal outputted from the carrier signal generating 
circuit 54. Therefore, the frequency changes in time and it is lost that the higher harmonic of the same 
frequency is continuously impressed to AC motor 57 of the harmonic content contained in the output voltage of 
the PWM inverter 52. Consequently, frequency distribution comes to carry out distributed distribution of the 
magnetic sound which AC motor 57 generates by changing a carrier frequency, i.e., the frequency of an PWM 
signal, in time. For this reason, the peak level of a magnetic sound decreases and a magnetic sound can be 
reduced. 
[0007] 

[Problem(s) to be Solved by the Invention] If it is going to change a carrier frequency sharply in order to raise 
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the reduction effectiveness of a magnetic sound, since the conventional power converter is constituted as 
mentioned above, the switching loss of the switching element which constitutes a power converter in proportion 
to this carrier frequency will increase. For this reason, in the field where a carrier frequency is high, there was a 
trouble of generation of heat by switching loss. 

[0008] Moreover, although a microcomputer is used in current in many cases in order to perform PWM control, 
synchronizing with a carrier frequency, PWM control is usually performed in this case. When this carrier 
frequency was changed in time, since a carrier period, i.e., the operation period of PWM control, became short, 
there was a trouble that the operation time ran short, in the field in which a carrier frequency becomes high. 
[0009] On the other hand, in the field where a carrier frequency is low, although the problem of the operation 
time is not produced, since the operation period of PWM control becomes long, the updating period of an 
electrical-potential-difference command becomes long. Consequently, the ripple of the primary current supplied 
to an AC motor increased, as a result there was a trouble that the torque ripple and harmonic loss of an AC 
motor caused an increment. 

[0010] This invention was made in order to cancel the above conventional troubles, and it is suitable for 
hardware control, and it aims at offering the control unit of the power converter which can reduce the magnetic 
sound resulting from harmonic content. 

[001 1] Moreover, this invention is suitable for software control, and aims at offering the control unit of the 

power converter which can reduce a magnetic sound like the aforementioned invention. 

[0012] Moreover, this invention is suitable for software control of a three-phase-circuit inverter, and aims at 

offering the control unit of the power converter which can reduce a magnetic sound like each aforementioned 

invention. 

[0013] Moreover, this invention aims at offering the control unit of the power converter which can perform 

reduction of a magnetic sound more efficiently compared with each aforementioned invention. 

[0014] 

[Means for Solving the Problem] An electrical-potential-difference command signal generating means by which 
the control unit of the power converter concerning this invention outputs an electrical-potential-difference 
command signal, A carrier signal generation means to output a carrier signal, and said electrical-potential- 
difference command signal and said carrier signal are inputted. The ON time amount within 1 period of said 
carrier signal of the switching element which obtains said output voltage An ON time amount signal generation 
means to generate the signal which asked for the average in 1 period of said carrier signal of said output voltage 
to be in agreement with said electrical-potential-difference command signal, and is proportional to said ON time 
amount, A timing signal generating means to generate the timing signal to which either the on-timing of said 
switching element or off-timing is changed in time for every term two or more rounds of said carrier signal, A 
switching signal generating means to output the switching signal which drives said switching element according 
to said ON time amount signal and said timing signal is provided. 

[0015] An electrical-potential-difference command signal generating means by which the control unit of the 
power converter concerning this invention outputs an electrical-potential-difference command signal, Said 
electrical-potential-difference command signal is inputted as a carrier signal generation means to output a 
carrier signal. A control signal operation means to make it change in time for every term two or more rounds of 
this carrier signal in the range in which the difference of the amplitude does not exceed the amplitude of said 
carrier signal, without calculating the 1st and 2nd control signals proportional to this electrical-potential- 
difference command signal, and changing the difference of the amplitude for the amplitude of these 1st and 2nd 
control signals, A difference with the pulse signal obtained from the comparison of the amplitude of the 
amplitude of the pulse signal obtained proportionally and said carrier signal of the amplitude of the amplitude of 
said carrier signal and said 1st control signal and said 2nd control signal is embraced. A switching signal 
generating means to output the switching signal which drives the switching element which obtains said output 
voltage is provided. 

[0016] A carrier signal generation means by which the control unit of the power converter concerning this 
invention outputs a carrier signal, Three top-most vertices which adjoin mutually [ the electrical-potential- 
difference vector which becomes settled corresponding to the condition of the switching element of each phase ] 
for every field connected and formed The sequence which outputs these electrical-potential-differences vector 
within 1 period of said carrier signal while choosing beforehand two zero electrical-potential-difference vectors 
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which form one top-most vertices of the field concerned, and two electrical-potential-difference vectors which 
form the remaining top-most vertices, respectively is determined beforehand. An electrical-potential-difference 
vector selection means to memorize these electrical-potential-differences vector and its output order, An 
electrical-potential-difference command signal generating means to output an electrical-potential-difference 
command signal with the gestalt of a vector, A field judging means to judge the field in which said electrical- 
potential-difference command signal is inputted into, and this electrical-potential-difference command signal is 
located for every period of said carrier signal, So that the average in the 1 -round period of said carrier signal of 
the output voltage of said inverter may be in agreement with said electrical-potential-difference command signal 
An operating-time decision means to opt for the allocation in 1 period of said carrier signal of the operating 
time of the sum of said two zero electrical-potential-difference vectors chosen in the field judged with said field 
judging means, and other operating times of two electrical-potential-difference vectors, An operating-time 
change means to change allocation of the operating time of said two zero electrical-potential-difference vectors 
in time for every term two or more rounds of said carrier signal, A switching signal generating means to output 
the switching signal which drives the switching element of each of said phase from the operating time for every 
electrical -potential-difference vector is provided. 

[0017] The control unit of the power converter concerning this invention possesses a carrier signal generation 
means by which a frequency outputs the carrier signal of the variable frequency which changes in time. 
[0018] 

[Embodiment of the Invention] The gestalt of implementation of this invention is explained about drawing 
below gestalt 1. of operation. Drawing 1 is the circuit diagram showing the gestalt of implementation of 
invention of claim 1, and 1 is a pressure-lowering chopper circuit in drawing 1 . This pressure-lowering chopper 
circuit 1 connects a switching element 3 and reactors 5, such as a transistor, to a serial between one terminal 8 
of output terminals 7 and 8, and one terminal 9 of input terminals 9 and 10. It is the configuration of having 
connected the capacitor 6 between the above-mentioned output terminal 7 and 8, having connected the cathode 
of diode 4 with the above-mentioned switching element 3 at the node of a reactor 5, and having connected the 
anode of this diode to the input terminal 10. DC power supply 2 were connected between the above-mentioned 
input terminal 9 and 10, and loads (not shown), such as a motor, are connected between the above-mentioned 
output terminal 7 and 8. Therefore, output voltage is supplied to a load by ON of a switching element 3, and 
OFF. 

[0019] 1 1 is a switching signal generating means linked to a switching element 3, for example, consists of delay 
circuits. It is electrical-potential-difference command signal V* corresponding to the rate command signal F 
which the comparator and timing signal generating means which connected 12 and 13 to the switching signal 
generating means 11, and 14 have ROM14a which is an electrical-potential-difference command signal 
generating means linked to a comparator 12, for example, memorized the V/F pattern, and is given from the 
exterior. It outputs. 15 has counter 15b which is a carrier signal generation means linked to a comparator 12 and 
the timing signal generating means 13, for example, carries out counting of the output signal of this crystal 
oscillator to crystal-oscillator 15a, and it outputs it as a carrier signal a through digital one / analog (D/A) 
converter 15c while it outputs the output signal of this counter 15b with a direct clock. 
[0020] The above-mentioned timing signal generating means 13 inputs the clock which synchronized with 
falling of a carrier signal (sawtooth wave), and consists of ROMsl7 which output timing signal t to which the 
on-timing of the above-mentioned switching element 3 in the carrier period T will be changed by time delay Td 
if that number of counts is inputted as the counter 16 which counts the number of these clocks as the address by 
pattern signals, such as a sine wave, a triangular wave, and random. 

[0021] Next, actuation of the gestalt 1 of operation is explained. DC power supply 2 impress direct current 
voltage among the input terminals 9 and 10 of the pressure-lowering chopper circuit 1. The carrier signal 
generation means 15 outputs the clock signal which synchronized with falling of the carrier signal a of the 
carrier period T (sawtooth wave), and a carrier signal. The electrical-potential-difference command signal 
generating means 14 is electrical-potential-difference command signal V*. It outputs. 

[0022] A comparator 12 is equivalent to an ON time amount signal-generation means, and is the carrier signal a 
of the carrier period T (sawtooth wave) from the electrical-potential-difference command signal generating 
means 14 from the carrier signal-generation means 15 Electrical-potential-difference command signal V* As it 
inputs, both amplitude is compared and it is shown in drawing 2 , it is electrical-potential-difference command 
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signal V*. The ON time-amount signal O which is a binary signal of Low level about High level when small 
when larger than the carrier signal a is outputted to the switching signal generating means 11. This ON time 
amount signal O is a signal proportional to the ON time amount Ton within the carrier period T of the switching 
element 3 which constitutes the pressure-lowering chopper circuit 1. 

[0023] The switching signal generating means 1 1 inputs the above-mentioned ON time amount signal O and 
timing signal [ which is outputted from the timing signal generating means 13 ] t, as shown in drawing 3 , it 
delays the ON time amount signal O by time delay Td by timing signal t, without changing the pulse width 
determined by pulse-width-modulation control, creates switching signal s which drives the above-mentioned 
switching element 3, and sends it out to the above-mentioned switching element 3. Consequently, between the 
output terminal 7 of the pressure-lowering chopper circuit 1, and 8, it is the average between round term T of 
the above-mentioned carrier signal a. Vout =Ton/TxVin (=V*) (1) 

****** electrical-potential-difference command signal V* Output voltage in agreement is obtained. 
[0024] Here, in order that the switching signal generating means 1 1 may change in time the on-timing of the 
ON time amount signal O outputted from a comparator 12 by timing signal t from the timing signal generating 
means 13, even if the harmonic content contained in the output voltage of the pressure-lowering chopper circuit 
1 has a fixed carrier frequency, it comes to change in time, and it is lost that the higher harmonic of the same 
frequency continues of it. 

[0025] Gestalt 2. drawing 4 of operation is drawing showing the gestalt of implementation of invention of claim 
2, gives the same sign to the same part as the gestalt 1 of operation shown in said drawing 1 , and omits 
duplication explanation. In drawing 4 , the switching signal generating means 11 consists of an exclusive-OR 
means 21 linked to a switching element 3, and comparators 19 and 20 linked to this exclusive-OR means 21. 18 
is a microcomputer as a control signal operation means linked to comparators 19 and 20, the electrical- 
potential-difference command signal generating means 14 and the carrier signal generation means 15 connected 
with this microcomputer 18, and the carrier signal generation means 15 is connected also to comparators 19 and 
20. 

[0026] The above-mentioned electrical-potential-difference command signal generating means 14 has ROM 14a 
which memorized the V/F pattern, and A/D converter 14b which changes the analog signal from this ROM into 
a digital signal. Moreover, the carrier signal generation means 15 has counter 15b which carries out counting of 
the output signal of this crystal oscillator to crystal-oscillator 15a, and outputs the output signal of this counter 
15b as the direct carrier signal a and a clock signal. 

[0027] Next, actuation of the gestalt 2 of operation is explained. In drawing 4 , DC power supply 2 impress 
direct current voltage among the input terminals 9 and 10 of the pressure-lowering chopper circuit 1. The 
electrical-potential-difference command generating means 14 is electrical-potential-difference command signal 
V*. It outputs. The carrier signal generation means 15 outputs the clock signal which synchronized with falling 
of the carrier signal a of the carrier period T (sawtooth wave), and a carrier signal. 

[0028] Drawing 5 is a flow chart which shows the flow of the processing calculated inside a microcomputer 18, 
synchronizing with the clock signal outputted from the carrier signal generation means 15, the operation of the 
flow chart shown in this drawing is performed, and a control signal required for Pulse-Density-Modulation 
control is outputted. 

[0029] First, at a step ST 5-1, they are the input voltage signal Vin of the pressure-lowering chopper circuit 1, 
and electrical-potential-difference command signal V*. It incorporates through an A/D converter (not shown). 
Continuously, at a step ST 5-2, it is electrical-potential-difference command signal V*. The ON time amount 
Ton and off time amount Toff of the above-mentioned switching element 3 when setting a carrier period to T 
from the input voltage signal Vin It asks by (2) types. 
Ton=Vin/V* Toff =T-Ton (2) 

[0030] Next, at a step ST 5-3, the clock signal which synchronized with falling of the carrier signal a (sawtooth 
wave) outputted from the carrier signal generation means 15 is counted. And at a step ST 5-4, the multiplier b 
equivalent to a timing signal is read from the table currently prepared beforehand by making the number of 
counts of a clock signal into the address. The multiplier b stored in the table at this time is pattern signals, such 
as a sine wave, a triangular wave, and random. At a step ST 5-5, they are the above-mentioned ON time amount 
Ton and the off time amount Toff. And the 1st and 2nd control signals SI and S2 are calculated like 
[ multiplier / b ] (3) types. In addition, control signals SI and S2 are the electrical -potential-difference values 
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(let the inclination of a sawtooth wave be a proportionality constant) corresponding to time amount. 
Sl=bxToffS2=Sl+Ton (3) 

[0031] However, he is trying for the amplitude of the 1st and 2nd control signals not to exceed the amplitude of 
the above-mentioned carrier signal by restricting the multiplier b of an upper type with (0<=b<=l). The 1st and 
2nd control signals SI and S2 of the above are outputted to the switching signal generating means 11 from a 
microcomputer 18 at a step ST 5-6. 

[0032] Below, drawing 6 is used and actuation of the switching signal generating means 1 1 is explained. First, 
the 1st and 2nd control signals SI and S2 of the above and the carrier signal a are inputted into the switching 
signal generating means 11. Comparators 19 and 20 compare the amplitude of the 1st and 2nd control signals 
SI and S2 and the carrier signal a. When a control signal is larger than a carrier signal, High level When small, 
the binary signals PI and P2 of Low level are outputted, the exclusive OR of these binary signals PI and P2 is 
taken with the exclusive-OR means 21, the switching signal Psw which drives the above-mentioned switching 
element 3 is created, and it sends out to a switching element 3. Consequently, among the output terminals 7 and 
8 of the pressure-lowering chopper circuit 1, it is above-mentioned electrical -potential-difference command 
signal V* by the aforementioned (1) formula as the average between round term T of the above-mentioned 
carrier signal a. Output voltage in agreement is obtained. 

[0033] Here, in order that the switching signal generating means 1 1 may change the on-timing of a switching 
element 3 in time by changing the value of a multiplier b in time, even if the harmonic content contained in the 
output voltage of the pressure-lowering chopper circuit 1 has a fixed carrier frequency, it comes to change in 
time, and it is lost that the higher harmonic of the same frequency continues of it. 

[0034] Gestalt 3. drawing 7 of operation is drawing showing the gestalt of implementation of invention of claim 
3, and is set to drawing 7 . 46 is the inverter circuit of a three phase circuit, and this inverter circuit 46 connects 
to the above-mentioned capacitor 23 and juxtaposition the switching element 24-25 of the pair which carried out 
the series connection while connecting the capacitor 23 between the positive electrode of DC power supply 22, 
and the negative electrode, 27-28, and 30-31. They are a pair each of the switching elements 24 and 25, 27-28, 
and the configuration that made the node of 30-31 output terminals 26, 29, and 32. 

[0035] 33 - the above - a switching element - 24 - 25 - 27-28-30-31 - having connected - a switching 
signal — generating — a means — carrying out — each — a phase — an input — Pu — Pv — Pw — a direct output — 
carrying out - a direct output - the section - Pu - Pv - Pw - a polarity - being reversed - outputting - 
polarity reversals - an output -- the section ~ Pu - 1 - Pv -- ' - Pw ~ ' - having - a configuration - it is . 
[0036] An exclusive-OR means by which 34-36 supply each phase inputs Pu, Pv, and Pw to the switching 
signal generating means 33, 37-38, 39-40, the comparator that connected 41-42 to the exclusive-OR means 34, 
35, and 36, The microcomputer which connected 43 to comparators 37-42, and 44 are the electrical-potential- 
difference command signal generating means linked to a microcomputer 43. A/D converter 44a which changes 
into a digital signal the rate command signal F given from the outside, V/F converter 44b which changes the 
above-mentioned rate command signal F into the pulse train of the frequency proportional to the amplitude, It 
has counter 44d which carries out counting of the output of ROM44c which memorized the V/F pattern which 
outputs the percent modulation k corresponding to the signal from the above-mentioned A/D converter44a, and 
the above-mentioned V/F converter 44b, and outputs a phase Q. 

[0037] 45 is a carrier signal generation means linked to the above-mentioned comparators 37-42 and a 
microcomputer 43, and this carrier signal generation means 45 has counter 45b which carries out counting of 
the output signal of this crystal oscillator to crystal-oscillator 45a, and outputs the output signal of this counter 
45b as the direct carrier signal a and a clock signal. 

[0038] Next, before explaining actuation of the gestalt 3 of operation, the electrical-potential-difference vector 
in which the output of an inverter circuit 46 is possible is explained first. As shown in drawing 7 , since the 
electrical potential differences Vu, Vv, and Vw of each phase (referred to as U, V, and W) outputted from 
output terminals 26, 29, and 32 can take forward and binary [ of 0 ], respectively, an inverter circuit 46 can 
output eight electrical-potential-difference vectors (= 2x2x2). Here, the electrical-potential-difference vector 
used as Vu=E, Vv=0, and Vw=0 is expressed as (100). Drawing 8 will be obtained if the electrical -potential- 
difference vector in which the output of an inverter circuit 46 is possible is illustrated from the above thing. In 
drawing 8 , each top-most vertices of a forward hexagon are electrical-potential-difference vector (001) - (101) 
in which an output is possible. Since line voltage serves as zero, here and (000) (111) two vectors are called a 
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zero electrical-potential-difference vector. 

[0039] Next, the Pulse Density Modulation by the space electrical-potential-difference vector is explained. First, 
as shown in drawing 9 , it is electrical-potential-difference command vector v*. When it is in the interior of the 
equilateral triangle which makes two electrical-potential-difference vectors V4 [= (100)], and V6 [= (110)] and 
two zero electrical-potential-difference vectors {V0 [= (100)] and V7 [= (111)]} top-most vertices Control of 
output voltage is performed by choosing these two electrical-potential-difference vectors and two zero 
electrical-potential-difference vectors so that it may state below. 

[0040] first, electrical-potential-difference command vector v* Electrical-potential-difference command vector 
v* in a certain predetermined period T if the amplitude assumes that it is k and rotates on the frequency of 
omega clockwise a tip — drawing -- radii -- a locus - die length — the above — two - a ** — an electrical 
potential difference — a vector — and — two — a ** — zero - an electrical potential difference — a vector — using 

- outputting — having had — composition - a vector — drawing - a locus -- die length - equal - becoming - 
things — from - (— four — ) — a formula - obtaining — having . 

l/root3 and t4+l/root3ande(jpi/3) -t6=k-e(jtheta) andT (4) 

However, in a theta=omegat (4) type, t4 and t6 are the persistence time of the electrical-potential-difference 
vectors V4 and V6, respectively. Furthermore, in drawing 9 , die length from a zero to V4 (or V6) was set to 
l/root3 for convenience. 

[0041] next — these -- two - a ** - an electrical potential difference — a vector - V — four — V -- six — and — 
two - a ** -- zero - an electrical potential difference - a vector - V - zero - V - seven - the persistence time 

- total -- predetermined - a period -- T - being equal ~ things - from - (-- five --) - a formula - obtaining ~ 
having . 

t4+t6+tO+t7=T (5) 

[0042] (5) In a formula, tO and t7 are the persistence time of a zero electrical-potential-difference vector (V0 
and V7). (4) From a formula and (5) types, if the persistence time of these two electrical-potential-difference 
vectors V4 and V6 and two zero electrical-potential-difference vectors V0 and V7 is found, (6) types will be 
obtained. 

t4=T-k-sin (pi/3-theta) 

t6=T-k-sintheta tO+t7=T { 1-k-sin (pi/3+theta) } (6) 

[0043] Here, it is electrical-potential-difference command vector v*. Although pulse width modulation in case a 
phase theta is in the range of 0 - pi/3 was explained, if two electrical-potential-difference vectors chosen 
whenever a phase theta changes every [ 3 / pi/] are changed, even if a phase theta is in the range of pi / 3-2pi, it 
is controllable similarly. The alternating current output voltage of the three phase circuit by which Pulse 
Density Modulation was carried out by the above approach according to the electrical-potential-difference 
command vector can be obtained. Here, the amplitude and frequency of output voltage are electrical-potential- 
difference command vector v*, respectively. It is clear that it is controllable according to the amplitude k and a 
frequency omega. 

[0044] Below, the selection sequence of two electrical-potential-difference vectors and two zero electrical- 
potential-difference vectors is explained, referring to drawing 10 . First, the arrow head shown in drawing 10 is 
met, and two electrical-potential-difference vectors and two zero electrical-potential-difference vectors are 
chosen. For example, electrical-potential-difference command vector v* When a phase theta is in the range of 0 

- pi/3, two electrical-potential-difference vectors (V4 and V6) and two zero electrical-potential-difference 
vectors (V0 and V7) are chosen in order of V0 ->V4 ->V6 ->V7 ->V6 ->V4 ->V0 between the predetermined 
periods T. 

[0045] And electrical-potential-difference command vector v* If a phase theta increases and it moves to the 
range of pi/3-2pi/3, two electrical-potential-difference vectors (V2 and V6) and two zero electrical-potential- 
difference vectors (V0 and V7) will be chosen in order of V0 ->V2 ->V6 ->V7 ->V6 ->V2 ->V0 between the 
predetermined periods T. When two electrical-potential-difference vectors and two zero electrical-potential- 
difference vectors are chosen in order of such selection, it is electrical-potential-difference command vector v*. 
Even if a phase theta changes bordering on pi/3, only by the electrical-potential-difference vectors V4 and V2 
interchanging, the remaining electrical-potential-difference vectors and two zero electrical-potential-difference 
vectors do not change. And it is electrical-potential-difference command vector v* so that drawing 10 may 
show. Near phase theta=pi / 3, most of the persistence time of the electrical-potential-difference vectors V4 and 
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V2 is zero. 

[0046] Next, actuation of the gestalt 3 of operation is explained, referring to drawing 7 . The electrical- 
potential-difference command signal generating means 44 is electrical-potential-difference command signal V*. 
It outputs in the form of the vector of percent modulation k and a phase theta. Drawing 11 is a flow chart which 
shows the flow of the processing calculated inside a microcomputer 43, synchronizing with the clock signal 
outputted from the carrier signal generation means 45, the operation of the flow chart of this drawing is 
performed and a control signal required for Pulse-Density-Modulation control is outputted. 
[0047] First, as a step ST 11-1, a microcomputer 43 inputs the electrical-potential-difference command vector 
of percent modulation k and a phase theta from the electrical-potential-difference command signal generating 
means 44, and inputs a clock from the carrier signal generation means 45. Continuously, it is electrical- 
potential-difference command vector v* as a step ST 11-2. A phase theta is broken by 60 degrees and it is 
output voltage command vector v* by the quotient. The judgment of in which pi/3 section to exist is performed. 
And if the quotient is made into a section signal, a section signal takes six values (for example, value of 0-5) 
according to a phase theta, and corresponds to section [ of drawing 10 ] (a) - (f), respectively. 
[0048] Next, (7) types are calculated as a step ST 11-3 as the persistence time of two electrical-potential- 
difference vectors and two zero electrical-potential-difference vectors. Since the phase used at this time is reset 
whenever a section signal changes, it takes the value of 0 - pi/3. 
ta=T { 1 -k-sin (pi/3+theta) } 
tb=T-k-sin (pi/3-theta) 
tc=T-k-sintheta (7) 

[0049] Next, at a step ST 11-4, the clock signal of the twice as many frequency which synchronized with falling 
of the carrier signal outputted from the carrier signal generation means 45 as this is counted. At a step ST 11-5, 
a multiplier b is read from the table which has prepared the number of counts of a clock signal beforehand as 
the address. The multiplier b stored in the table at this time is values, such as a sine wave, a triangular wave, and 
random. 

[0050] next - a step - ST - 1 1 - six - ****** ~ U -- V - W - each - a phase - a control signal - Sa - Sa - ' 
- Sb - Sb - ' - Sc — Sc - 1 — the section - a signal — drawing 10 — the section - (— a --) - (— f — ) - 
responding - drawing 12 — being shown — a control signal — an operation — sequence — following — creating . 
And six control signals are outputted at the last step ST 11-7. 

[0051] Furthermore, the six above-mentioned control signals Sa and Sa' which were outputted from the 
microcomputer 43 as drawing 13 was a case at the time of a multiplier b= 0.5 and it was shown in drawing, 
Comparators 37-42 compare the amplitude of Sb, and Sb', and Sc and Sc' and carrier signal 2a of periodic 2T 
outputted from the carrier signal generation means 45. When the above-mentioned control signal is larger than a 
carrier signal, High level is outputted, and when small, binary-signal Pa of Low level, Pa 1 , Pb and Pb\ and Pc 
and Pc ? are outputted. 

[0052] Furthermore, the exclusive OR of above-mentioned binary-signal Pa, Pa', Pb and Pb', and Pc and Pc' is 
taken with the exclusive-OR means 34-36, and it considers as the binary signals Pu, Pv, and Pw of U, V, and W 
phase, respectively, and outputs to the switching signal generating means 33. 

[0053] Here, the selection sequence and the persistence time of an electrical-potential-difference vector which 
should be chosen by the three above-mentioned binary signals Pu, Pv, and Pw are determined so that drawing 
13 may show. That is, the electrical-potential-difference vector which chooses a binary signal whenever one of 
these signals changes, since level changes to 1 by a unit of 1 time from 0, respectively is changed between the 
predetermined periods T equivalent to the half period of carrier signal 2a. Moreover, the persistence time of the 
selected electrical-potential-difference vector turns into time amount after one side of the binary signal of two 
******** changes to 1 from 0 until the signal of another side changes to 1 from 0. 
[0054] Conventionally, although [ a multiplier b= 0.5 ] it is fixed, in the gestalt 3 of this operation, this 
multiplier b is changed in time. And although the ON time amount of three binary signals Pu, Pv, and Pw (it is 
equivalent to phase voltage) will change if a multiplier b is changed so that it may understand from the timing 
chart of the phase voltage shown in drawing 14 , and line voltage, the ON time amount of two differences (it is 
equivalent to line voltage) of the above-mentioned binary signal does not change, but the location is changing. 
[0055] Next, if the three above-mentioned binary signals Pu, Pv, and Pw input into the switching signal 
generating means 33, on-off-signal Pu-Pu', Pv-Pv\ and Pw-Pw' will be outputted to the switching elements 24, 
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25, 27, 28, 30, and 31 in an inverter circuit 46 from this switching signal generating means 33. Here, since it is 
clear which switching element is made to turn on and off corresponding to an electrical-potential-difference 
vector, the switching signal generating means 33 can be easily constituted using a logical circuit. Therefore, 
explanation is omitted about the detailed circuitry and actuation of the switching signal generating means 33. 
[0056] Next, according to these on-off signals, switching of switching elements 24, 25, 27, 28, 30, and 31 is 
performed, and it is electrical-potential-difference command vector v*. The alternating voltage of the three 
phase circuit by which Pulse Density Modulation was responded and carried out is outputted from output 
terminals 26, 29, and 32. 

[0057] Although the frequency of a carrier signal is not changed in the gestalt of each above-mentioned 
operation, it is the range which is gestalt 4. of operation and which does not produce problems, such as 
generation of heat and the operation time, and generating reduction of a magnetic sound can be more effectively 
performed by using the carrier signal of a variable frequency with which a frequency changes in time. 
[0058] Moreover, in the gestalt of each above-mentioned operation, although either the on-timing of the 
switching element in the 1 -round period of a carrier signal or off timing is changed in time The on-off timing of 
a switching element establishes a delay circuit in the system way which supplies the output of a switching 
element to a load, without making it change. Even if it changes the time delay of this delay circuit and changes 
the electric supply timing to the load in the 1 -round period of a carrier signal, the same effectiveness as the 
gestalt of each above-mentioned operation is acquired. 
[0059] 

[Effect of the Invention] As mentioned above, the signal which is proportional to the ON time amount within 
the period of the carrier signal of a switching element according to this invention, The timing signal to which 
either the on-timing of the above-mentioned switching element or off-timing is changed in time for every term 
two or more rounds of the above-mentioned carrier signal is embraced. Since it constituted so that the switching 
signal which drives the above-mentioned switching element from a switching signal generating means might be 
outputted, it is suitable for hardware control and effective in reduction of generating of the magnetic sound 
resulting from harmonic content being easily realizable. 

[0060] Since according to this invention it constituted so that a switching signal might be outputted from a 
switching signal generating means according to the size relation of the amplitude of the 1st and 2nd control 
signals and the above-mentioned carrier signal which were changed in time for every term two or more rounds 
of this carrier signal in the range which does not exceed the amplitude of a carrier signal, it is suitable for 
software control and effective in the ability to be able to reduce generating of the magnetic sound resulting from 
harmonic content. 

[0061] Since according to this invention it constituted so that the switching signal which drives the switching 
element of each phase from the operating time for every electrical-potential-difference vector might be 
outputted from a switching signal generating means, it is suitable for software control of a three-phase-circuit 
inverter, and effective in the ability to reduce generating of the magnetic sound resulting from harmonic 
content. 

[0062] Since according to this invention it constituted so that the carrier signal of a variable frequency with 
which a frequency changes in time might be used, it is effective in the effectiveness of being able to reduce 
more effectively generating of the point of changing the generating timing of the output voltage in the 1 -round 
period of a carrier signal in time, and the magnetic sound which originates in harmonic content conjointly being 
acquired. 
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ajs-r *x-r •yfv^fwxi' * >?a£#a*r 

■< v *>*a*lc«fc*B»i u» 5 lUUtfft ? fee 
[0 0 0 8] £fc. 3El?ETtiPWM$tl?ai5^57c46»C^ 

co+^yT'JiiK^^M^^ki-t+si:. 
y Tm-^SLt^ < fcssnsETti* + y ymm. r^fc-e 

[0 0 0 9] -7a. 'J 7M3MfcHHKtMIWTtts » 

5^asmis«iii:«ss*tis-^m3S£Dy y;u#*uo 
mm* 5 1 *ec r «b 5 muufs o fee 

[0 0 10] JItD^l±±IB<7)J:-5^JR©Fp5SjS5g¥ 

[0 0 1 1] 3:75:, CO^ti. V7 l">xy»«MM«:» 
U ttE©Ra£m«l=»«e*ffi«T*Ci:tfT»S* 

B7jg»gs<DsyaigB*«et-r ^t^awtn. 

[0 0 12] ff/c, C©SM|I4» Bffl'OA-SCDV? 



*r* c t # ?$«Bfta«SB4>&japaB*aar % 

[0 0 13] Sfc* C<D«Wtt«mSOiS«*. ME© 

aawiciKT «* ya*«t < c £4>?£«Bfta& 
sao»miaa«a«(r « ci*a«m. 

[0 0 14] 

MB****-**!:*©**] c<DawK«&a*iaa 
aB0>MflaB& Bffi»««a*tti2j-r*«ff»*ffi 

**y7'«**a*r**+y7'«*a 
£#fs.t. WKas»*a*£aE**y3*flai:*A 
73 u tuseaiTjajE^fsx-rv^v^a^MfB** 
y za*© 1 JissrtT-£D^>B$p^5, areaaaEaa 
e*+ y T'aa© 1 mimttitwrnoif-fflBmEM 

a**«*r**>i«*mHi^flE#«t» mzx^v? 

ftfr-TJ^iiuE** U 7B*0>attBffl*&5IHtt(ca 

<b*-e* 2 -r s > <?m^z&£.T = > vm^ms. 
«c*>^Ba*tmE*-rs>fa*tJ=« 

UTiuEX-f y *B»r SX'T y *>-?{I^ 

*uj*r*x-rv^>^aa«**«t*««Lfc«.<o 

[0015] coaBicasBAa&aBosyaaB 
ajaa»«a**iii*-r*«EJ»*a«8**at» 
y v*aa*aaT**+ u y*aaa*#«t. suia 

®ff*g^ffl#5A73L. BNkoatfBBEft^a^tcit: 
fllLfcJgl fc«fcO : m2CDftiJ»ft^3I^LSmi fc<ttf 

7 , a^<offifi*s**t>SHT^*-v y7 , «#a)^SiiJi 
nft[cimn(cxfb«««M»a^aiv#B^. mib* 
+ yy'aaflDSMifciaiBai ©•dflWi*i©aMoit« 

ea 2 ommi* t ©sii©Ji^ sa s ns/ «;uxa 
ftciKiscT, »EU*aff*»*x-ry^>^a 

[0016] c(oa«(ca«aABtt%BO!)MffKSB 
ttv *+y/'aa*tti*jr**-*'yy*aaaft#«i:» 

BSStc, ^S^gE© 1 o©II[jS«B*t4 2 

ff^-^ h;i/i»y ©a***ti*JhJBar * 2 octi 
tuiH+i' y zfi^© 1 a»irtTin*-r*ia***»swE 

Lx nne>mE.^ MUS J:Cf*-4>tti2]IH**EBr« 

»?ai*r*affi«*aa«*#ai:» meaE»*a 
^^A73 LfiaE*-v y y'aaoanBaicBWEa^aa 



(4) 



&M2 002-186251 



HU©ffl©»f^l$P^ft!K&2c>©^BE'S? HI/©!!) 

^^©scia* * 'j zfi^w 1 mmmztsiizmnzzi 
m?z>m>ftmm%ittmt. mE2-z>commm^«7 

©Ifi#Bf P^IW^fufB** 'J T'fl^^iaja^lcBt 
P^Wlc^b*#^iJ ) ^B#P^^k#ia; < t:. S^ffi^* HI/ 
«©IJ)ff*iFegfr SiuiBSffl©*-!' •> ^>^*?*B»r 
y ?>^fi**u*r*x-r y ^>-?fI*S§£# 

[0017] c®»q|[cfR««A2tt%Ba>«yweB 
(4. jaaa»tfB9iHi«»=»br*Rnejai!Sd»o*+ y zft 
******** y7«9»£*a*Ji*Ufct.<o?& 

So 

[0 0 18] 

ttPSE* 3 y / (|s»TS«. 3 ©Piff a y J flslBS 1 li 
ajjj4irF7. 8©-*©SS^8<!:A73iS?9. 10©- 

=1-3 fJT^ HI/5«iI8l(!:«ttU ±fEai7j4S : ?7, 
8H^3>5r>-9-6*SSIU ±SEX-f y 3 
HUS©^,^^*- K40J&V- K*» 
iL^-f*-K0D7/-K*A^f1 0lCj$g.Lfc 
HMKTftU. ±IBAft>tt?9. 1 0 miciSSraiB 2 «S 
RU ±IBiU7j4ffi?7, 8HICi-««OAff (BoW 
■f) £&JISLTl>So ffioT* X-Ty^V^SR? 3©* 

[0 0 19] 11 t*X-fy^>^ : ?3lcS«ELfi:X-< 

tiTt^«. 1 2ti 3ttX-fy*>yMI#31±^8:l i 
te«MKLfcik«»t*-rs>y«*«**«» 1 4tiik 

(fV/F/\^-V?!BSLftROM1 4a?SU fl-g? 
<£ y 4*.5*lSJSSJg<ftfi* F KttfS Lfc«EE»«fi# 

v* *m*-r*. i 5tiits?si 2tf"rs><rmm6 
1 3 tc&jg. Lfc* * y y » A 

^tf*^^Slfl1 5 a £^A*g&«©lU2riB4«t1-8t 

V 0 ut =T 0 n/'TxVin (= 

So 

[0 0 2 4] CCT\ Z-fy*>^fl»»£#«1 Itt 
Jtt»1 2*»SllJ**ft**>'BSM«*0©*V4r-f 5 

fl» t TBtWttl=»k***fea6» PSff?- a y/« 1 

©aa«roc * + y 7*ja sh*# 



SbSSU £©2j£>$1 5b©HJ7J 

m^zmm? a y ? t mirrz 1. 1*> ktV v^u/t^ 

^-□•Jf (D/A) Zl>/t-*1 5 c*iILT*+ 'JT'fi 
*a tLTtll73-rSo 
[0 0 2 0] ±G«'TSV^ > flM£¥Hk1 3tt+t'J 

^©a^VhSfc^ZKUXtLTATrrst, * 
*y7 , jBJBTrt,cfett*±EX-rv^>^ilS^F3©*> 

1"SROM1 7A^S«fiE**lTf>S„ 

[0021] hs6©jb® 1 <Dnm»(^?Ki&r 

So Ham 2 (tmiEft KE? 3 y / <[£]& 1 ©A7J 
tt?9£1 0©P^tcEpJPTSo **U7MI^£#K1 
5tt**y7JBJ«§T©*+y3'fl»a (CCf'JJO <L 

*+ y 7A«<Dit%Ttf u tzmm Ltc-yu y ^«*«u 

7Jt-S„ WEffi«1i«*B£?«H 4liSffJg<?tfi*V* 

*Ui*"rso 

[0 0 2 2] JtRHI 2tt*VBSI«Hi*«**«tc«a 
U *+y7»fl»»£*8n 5frS*+y3*flWT(D* 

wrm^a (©c^y-a) *. SES^fi*58£?® 

1 4frSfBBS^fS*V* *A7JU jHtoSttettK 
LT@2lc^-r«i:5lc. HEJt^fl^V* #**'J7fll 
#a<fcy**l^#W:H i ghKM, 'Jv&(^&*li 
L o w U^b© 2 fiUl^TSS * >9$mm^ o * •> 

^>y«#fi^#si Hcaj7D-rs„ d©*>B$p^ffl* 

OttKfffa-yy tEK 1 *«Wir 3 
©* * y T'JIJffl T fiTO* V^IB Tont=tt« Lfcfl^T' 

[0 0 2 3] XYy^V^ireJttMM 1tt±B*> 

^fi*o«t:^-r sv^flfMfisi 3<tyaj7j*n 

P^ffl* O^-fSV ^ tWJ S+lB$P^ T d Mzif 

y 5 1 s *f^fiE L±IBX-< y V-^lg? 3 IzMtH 

TZo Wffi^ay/<0BS1 ©ai73« : ?7fcj: 

LT 

V* ) (1) 

[0025] mm<Dmm2. i4ttntqi2tMfioii 

XWMMtjWB?* y > MIB0 1 ic^TltJS©^ 1 
^ IH-gB»i::i3:|5l-??**« LTB«iH^*^Bg-r So 
■ 4IC£t^T, X^'yf>^flfM¥Sl His 
y^>y*?3(c««Lfc8MSttl»*Bl#«2 1 t» C 
©Sffft6<)iilS»#S2 1 (zgHftLfcttRH 19, 2 0 t 

T-mm lt^s„ 1 8 itaasast 19.20 tcsn. Lfc^j 



(5) 



mM2 O 0 2-186251 



181 4, *+'J3'«*S8ft*«1 5tf»«U ^-^UT 7 

fl«ft£*a 1 5 itamt 19.20 KtffifiLT^ 

[0026] ±E*E»*flre«£#fB 1 4ttV/F/< 
*->£iBeLfcROM 1 4atiROMfiSO?tP 

a&jhii 5 a £B*S5a§§§©ai2i«^£i+&-r%2> 

1 5 bHU 1 5 b©aj2MI-«§* 

to* * y atouv <?m^t Lzmtit *. 

[0 0 2 7] JtlE, **OJB«2fiMBlftlC-3^TBWa-<- 

0Kio)A7D4ffi?9t 1 oonicauan. «E««» 

1 5 * 'J 7JB JH T <D* * ij a (CD 

Ton=V in /V* 

Toff =T-T on 
[0 0 3 0] 3WC» Xf7 7ST 5 - 3 Tti* V'J Zfi 

»J 56) 0>ttT1fi y [Cfflffl Lfc-? p •> tm^Ztl •> V h 
f^o f LT, X7 : 77ST5-4Ttt^Py^iO 

S 1 =bxT 0 ff 
S2 = S1+T on 
[00 3 1] fcTcU ±3£<DGMBtbt± (O^bgl) <h 

T77S T 5 — 6 T\ ±KSS 1 fccfctf SI 2 OSJWI-Sf s 

1 fccfctfS 2 6^-f^PZl^eiL-^ 1 SfrSX-fy*- 

i i icuasn*. 

[0 0 3 2] O^tC, H6«fflt>Wfyf^flW 
£#K1 1 OBlftlco^TKWr*. *r» ±E»1fi 
itfm 2 ©ftJfflKt^ S 1 fc<fc S 2 <t * * 'J a * 

2 OT-11 £<l;tfS2<Z>«nMI4S 1 fc<fctfS 2t*t 
■J 3»fl» a ©fflS£it8 LTj&IWi^ff* * y Zfa^ «fc 
VJzZ^tZltH i ghU^M, 'J**U><h*t±L o w 
Ls-OUD 2 filfi^ P 1 . P2*a*)U CtD2fi|fi-§-P 

i . p 2a3jiEfteMiisS]5Sffie<)iSSfii^a2 i r-i: 
^psw^^LTx-ry^v^^stcjuairso 

(DISS* USE? 1 a 'V / \°ESS 1 ©BiTJttl? 7 feci: If 8 (Dffl 
lcti±IB* + 'J Tm^ a W-J§»3 T LT. 

ne (D sicfcy. ±fsmffm^fi^v* ic-ars 

[0 0 3 3] CCT, X<fv9->?m*96&¥mi K* 



c sr y ») <h * v y ym^tottTtf y kkmu Lfc^ □ 

[0 0 2 8] @5li^-<^P=l>tfa— ^ 1 ScDrtSPT' 

[0 0 2 9] S?\ Xr^STS-1?IJJIEf3 7 

7t77"S T 5 - 2 -Wt«BEJB*«*V* <*: A7JSH1 
*V|n«fcy*-f 'JT'afflSTtLfcfc*©, JJK-f» 
^>^Jl6?3fl!)*>B«BTont*7l«IIBToff * (2) 



(2) 

S T 5-5T*l±±8B*>^Ton«t*7^T 0 ff 

imab«ty» o> so^-stcmi fc*y ; M2<D$<» 
«#sus2 «amr«. &fcs Manias us2 



(3) 

[0 0 3 4] »K6»Bn3. ■7UIR«q|3 0!>IMi«>ft 
*©fB«*S*rBIT*ys ■7(C£lv?« 4 6«3ffi© 

-r >/ 5» i3i»T» y » c ©-r >j x— * 4 e i&w.%t 
ztt<hizm.9mmLtc—ttv>X'rv : ?>'7m : *2 4 • 

2 5, 2 7-28, 3 0 • 3 1 ^±IBZ]>7 r >+t2 3 <t 

mmzmm u ^-cd§— w©x-<y^>fj!s?2 4. 2 

5, 27-28, 3 0 • 3 1 4>SM*«tti73f|l?2 6, 
2 9, 3 2iLfti«"P*«. 

[0 0 3 5] 3 3li±IBX-ry^>^?24 • 2 5, 
2 7-28. 3 0 - 3 1 IC ig«si LtcX-< <fiE^ 
SJSKLT. §*IA7DPu. Pv. Pw^iBStll7D-r 

^iisaiTjgpp u, pv, Pw.t@i4^giiLTajAf 
sffittseaiAaspu' . pv' , pw' tttrzm 

[0 0 3 6] 3 4~3 6tt7^fyf V^f f ^Sf S3 

3ic§fflA7jPu, pv, Pw^«$g-r^9tftea*)iis?a 

37-3 8, 39-40. 41- 4 2ttSEfte6*)fi 
mm^m3 4, 3 5, 3 6tCgg|Lfcit^S, 4 3«Jt 
»«3 7~4 2lC«KLfc7-r^n3>fc:a-^ 4 4 
tt?-f * P □ > fcTa - * 4 3 ICSS! LfcffiEfi^f^ 



(6) 



&M2 002-186251 



$yic£Jg-r&V/F 4 4 b<>:. _tfBA/D=i 

4 4 a frS©fi#K*frjS Ltc&mm k ^aJTrT 
£V/FM°£-:y:&IB1iLfcROM44 c&<fctf±fBV 

/f si 4 4 bom^w-sifLTfifflQ^ai^-r 

5*'»i'44dt5ft5. 

[0 0 3 7] 4 5ti±fBJt®S3 7~42W^P3 
>tfa— 9 4 3 KJgSILfj:*-*' U 

y, e©* * y rm^m±^m4 s a*Aies»4 5 a 

tU C©A'J>'$4 5 b©iii*Kt^ : £iI&**'J7Mt 
*fa LVUvVm^t. LT&tlTZ* 
[0 0 3 8] :*lcSISg©m^3©i!)flF*iaP^r5BU^ 

4 61**73^2 6, 2 9fcJ;lf 3 2^6a573*tl* : S 
*I (U. V, \N£?2>) ©lEVu, VvfeJ:tfVwtf 

^-ji/rtiiE, o<D2fii : &ixyt#sc < b6^e, 8<i (=2 

X2X2) ©SE^? bllsZlhtlT'ZZ* EC1T\ ffilTl 
lfVu = E, V v = 0. Vw=0i6|,iEA;^ Hl/£ 
1 /,T3 • t 4 + 1 //"3 • e ( j 

feTHU 0=ut 
(4) UlCtS^T. t 4fc«fctf t 6»**l**tU mff^ 
? HUV 4 fccfctfV 6 ©J^B^TE*. ffifi 
±. 09U:fct^T, Bu£frSV4 ($ft(iV6) £T*© 
S*?:1/^3i:L/co 

t4+t6+tO+t7=T 
[0042] (5) SStCfc^T. t 0fcJ:tft 7li^S 
E^MU (V0fc<fctfV7) ©&JSSBtftgT*Jfe*o 
(4) 5tfc\fctf (5) iCJ:y, E*lS20©«E'<'7 h 

t 4 = T • k • s i n (77/3 
t6 = T- k • s i nfl 
tO+t7 = T {1-k-si 
[0 0 4 3] EET*M\ m.S.n^'P h;Uv* ©fiM18 

# 0 ~ tt/ 3 ©saics-a *§•&©/ tuxmmmttid 

3~2 jr<0!3ffllc£-3T J tl^«te$JffllZ > **o #±©:£ 
3 *§©£^a7jmE£?#3E £ o cc:T% 

&73mE©ffi1sfccfctfJlia*iSrti**i?tu «E»*'<* 
h )V v * CDflSifH k fc cfetf^-KSlajlcjS UT*W?S* E 

[0 0 4 4] O^tC, 2 0©m^ HUfc<fct>'2-0© 
^ttE^? h;KDSiRHI*tJ:o^T. 01 0£#bbl& 
tfStKfEf £o 01 0tc^Lfc5^EPti: ; ?-oT2o 



(1 00) tm&Tz* u±co<itfre>. -oj^-zm 
man*. 08icfct^T. ttffi&<D&m&&iiit>ojm 

t^mEE^hiU (00 1) ~ (10 1) T'feS. Ed 
T\ (0 0 0) fccfctf (111) ©20©^ hMtm 

[0 0 3 9] &P$W&'<* t-Mc&Z/ilOXQgm 

M»(^TKnr«. H9K:jSLfc«fc3fc«EEfll 
^C*MI/v* t\ 2 0<DfE^7 Kil/V4 C= (1 0 

0) ) fcjclfve (= (110)) <t2O0flE^ 
Mb {V0 (= (10 0)) fc«J:tfV7 (=(11 

1) ) } ^M^tT2.IE=ftfT?©F«ggPl::SSJi^±, SU 
TlciSK^^aic. E*iS2 0©mE / ^' h/UfeJ:^ 
o©^E^? HU£SiRT£E<tU:<J:yai7JmE©$(l 

[0 0 4 0] **\ §E}|^^ HUv* tiffistf k 

<Ffi&mM<Dm-£t. ±IB©20©ffiE^-j7 Hl/fccfctf 
20©ftff^f h^*ffl^Ttb73*n7c^^-7 h/U 
3b^<t(l»G)m*t6^L<^5Ei:6-5 (4) 5£#*# 
6*1 -So 

tt/3) • t 6 = k • e ( j 0) • T 
(4) 

[004 1] MC> ZLtl%2-D(DWE.'«7 HUV4. V 
6*S<fctf 2 0©^^^-? HI/V0, V 7 ©JfHSB^© 
«^#iffi©HJIimajLL<»C£frS (5) 5C6M#6+l 

(5) 

;l/V4, V 6*3*152 OtD^aE^^ MUV0. V7© 
it«B3IBI**tt*£ (6) SCtfffSft^o 

-0) 

n (77/3 + 0) > (6) 

So m?Lli, VEtt^C^HI/v* ©{StfBe#0~77/ 

-»V 6-»V 7-»V 6 V 4 V 0 ©IHlC 2 OCD^ffi-N-? 
h;l/ (V4fc,i;ti : V6) i2 0i7)?tE^h;l' (V0 

[0 0 4 5] *L7\ ■ES*'** h;Uv* <D{fiffle# 

liiu lt 77/3-2 77/3 <r>®mm%t. fh'mmT 

©SIC V 0-»V 2->V 6->V 7->V 6^V 2^V0©IH 
lC2 0©mjI^<7 h;U (V2fc,trjV6) i2 0©fl 
E^^hyU (V0fcJ:lfV7) ^^JRf^o C©<fc3& 
^IH/?T'2 0©mBE^^ r-;l/fc<l:Ij : 2 0©Sg:^ff^>? 

/S^mizLT^tLT^EE^ r-;l/V4i:V2 3!?A 



(7) 



4fFJ2 0 0 2-1 86 2 5 1 



E"<9 HbttSfbLftlA, LA"fc. HI 0 

•pit* HE^^Nl/v* ©tftfB0 = 7r/3©ttjfiT* 

So 

[0 0 4 6] Hffi©fl$«3©lb#£H7:£#BaL 

fctfSBwrr*. ®E^fi^^#S4 4t±mE^ 

S„ H1 1 (±T>T'>P=l>tfn-^4 3<DF , ggP7-3l»* 

if84?i84 5 5*73**1* <7 a -y *fl»(cWMB L 
T* HH©7a-**-h©adH«T:b*U /\°;UXigS 

[0 04 7] 7<7P3>ta- £4 31*. Xf 
7 7ST1 1-ULT, ffiEfI<S{I##8£#IB4 4fr 

t a =T (1-k-sin ( 
t b = T • k • s i n (zt/ 
tc=T'k-sin8 

[0049] ^IC. Xf77"ST1 1 -4T*l**-f 'J7 7 

# y iciwisa Lfc 2 eojg jfia©^ n * a ■> > h 

TS, X777ST1 1 -ST'li^Py-XI^©^:/ 

[0 0 5 0] ;*tc, Xf'y7"ST1 1-6^11. U. 
V, W&*8£DfclW=^S ai:S a' » Sb<kSb' , S 
ciSc' £EPJ«^lcJ:y, HI 0©EF«3 (a) ~ 

(f) icjsi;thi 2iz7Tk?mwm^<Dmm®mci,rc 

tf^ZftflcTZ* f LTx it<DXT7 7ST1 1-7 
[0 0 5 1 ] *51C> 01 3lifl*»b = 0. StDt^CD 

a^T*3&y, E^^-r.fc^i-^'r^pzivtfa-^4 3 

6^6aj73*nft±IB6 0(7)SiJffllft^S a <b S a' % Sb 
iSb' , SctSc' y7Mm££#lft4 5fr 

Sai73*tlSJiffi2 T©** U7'fl»2 a <h<Z)iii|B=&it 
3&f§ 3 7 ~ 4 2 TibtS Lx ±fB#Jffl)ffi^tf* * U 7*fl^ 
«fcy**U»£*ttH i g h U^;U^ /Jv*L>i:*tiL o 
wL/^;U0D2Mfl-^P a<tP a' , PbtPb' , Pc 

[0 0 5 2] ±f32{I<i^Pai:Pa' , Pb 

tpf % PctPc' (Dtimtommm&matito&mm 

fPu, Pv, PwtL^-r-y^>^«^58£fe#«3 3 

[0 0 5 3] CCT, HI 3#S«i^5«fc5K* ±iB3 
-3£>2<HI*f P u. Pv. PwlC*oTStR-r^#aE 

•6*-v'j7{i^2 aa>¥J9ffi(cffisr«msffliaTd!}n 



Tx Xf'^STI 1-2tLTlE}g < fe'<7hJl/v* 

©ffifi 0*60 jST-ai y s fontc J: y tu awqm^c 

ft*, f LT> ^©S^EF^fl^tf S<h, 
ffiffl0lcJSUT6O©fil (0Jx.tfOfrS5©fiI) £SX 
y, *tl?tlH1 0©EF^ (a) ~ (f) fcfctJSTS. 
[0 0 4 8] O^liU Xfy7ST1 1-3<tL7\ 2 

LT (7) SMtftttr*. C©£i*teE**l*fiEffll±. 
BJHfl»#*fbTS*fc "J * it h- £tl«a?, 0 ~ u / 
3©{l*lXSo 



tt/3 + 0) } 
3-0) 



(7) 



BE^-7 h;U©J#«S^H(i»«ofc2o©2fil^<0- 
£#0fr5 1 (cXfkLTfl k 5flb&«>fll9tf 0»6 1 

[oo 54] '&.mmmb = o. st— jetLzv* 

*fbs-es. f lt, hi 4icsr«iE. «ib«e© 
*-r s v^Hfr J: a (z«tt b *»b*«* ts 

3 0S>2fI{=4§-P u. Pv, Pw flTOEKfiST*) 
<D:*>l3n{ig<b*-«#, ±fB2filfi^©2 0<DM OM 

-fbLTt^So 

[0 0 5 5] ;*U:. ±IB30<D2filffi^P u, Pv, P 

wtf^-ry^>^«*»*#a3 3jcA*r*iis cod 

7.^-y^>-7fi^M*#l63 3A^6-f>/\*-^ls]K4 6 
>f©X'ryf>y*?2 4, 2 5, 2 7, 2 8, 3 0, 
3H:*y-t7ftPu • Pu' . PvPv' . P 
w Pw' AW^tlSo hibtcWJS 

tr«:OT. X-T -y ^ > -7"ft^^4fe#S 3 3 14 P *J »j V H 

>^ffl^*#«3 3©P|sffl&[ElK^mfc<i:UlJ)fflco 

[0 0 5 6] ^IC, • tf^fl^CjSCTT. 

•<yf>'^f2 4, 2 5, 2 7, 2 8, 3 0, 3 1© 
X-r-y^^AMrtotu «E»«^^ HUv* tccSUT 
/\';l/Xi|Sgii*nfc3ffl©5S3!t«EA 5 ai7:iS?2 6. 2 

9, 3 2A^Saj7:*tlS„ 

[0057] mmcomm4. ±fB©snBg£DBSg 
icfc^Ti*. | J7'fi^ja-aa*s<b*-t+T^&^ 

tffcn»fcStfbr*™BaHBM>*+ y 

CtlCJcy, <Bft«0998£ffi»««l:y«lJlin^3C£: 



(8) 



3flH2 0 0 2-1 862 5 1 



[0058] ±sz<D&mm<Dmmizis^zit* * 

z -< a > fc * 7 * -r s > •j'"© -r +i6^-3? « nn 

*^s>?iis<b*-fe!:£2:.»:fc:<. x-rvryvrnw 
m**ftW(=«tter*3H«=«ji«3ijiEiaBS*i»*, £ 

[0 0 5 9] 

^mmmmmimrsmcmit^ -a-* z -r a > y<t^ic 

[0 0 6 0] ZL(D&WlZ£ni£. -V <J TTOfDSWe 

[006 1] c«>3M!f<:J:tU& =S^ff^^ Hl/«£D» 
V^ffl^X^T v ^VFft^&^afrS tii^-r £ J: 5 

[0 0 6 2] £<D3SfDfKJ;*U£, JitttttfBIRIttKJMb 
T*pJ£Jia&S©** 'J7MB4«J9l*«J:3ftlflJ£Lfc 
©T\ *A-'J7'fl^©1^ffiP^lcfctt*ai^lSE©^ 

[ES^ffi^^ifi^] 

na 1 ] co«R9©suto«« i 



[bh 2 ] zKDmBfionmcD&m i ic&i*«jfcRiM>tt 

[03] C©3£K©Hfi6<&JB8g1tefctt*;^y*> 
[04] c©fgiill®Sgfife(D»ag2tE«J:*m2jS&g8 

[05] <itomw(Dmm<DBm2iz3svz^'f?azi 

[16] £<D38^)ltffi©ff5fg2U:fcn*3;*-<-:/^:y 

[07] ji comwnmmcDmm 3 ic «t ^i^tMgE 

[081 C09MB®£ffi<^tt3[w£tt3^>s{-* 

[09] C®&9i<D^0>Stt3[c£tf32n*E''t 
? h;HcJ:*/\°;l/XiSs^pcDiH^0T^So 

[010] C©fl^©Slfifi©}Kfi|3lefctt*mff^^ 

[011] C(D^OHfifi©JB«l3tCtS»t«^'r^P 
[012] CQft91<0lttt4>]gtt 3 (i&tt-SftHMa* 

©3isieflf*Ba^'r*0TS*. 

[013] C(0«fl8<OSIJ6fflJBIl3lcfc^*X-fy^ 
[014] C©SI^©llffi©JB^3ltfcHt«*>^ 

v * -r 5 v vnxxit'msam -r » > vm^** 

TttlllH?*«. 
[015] S»E(O«AXttSB(0«!l»SB«^-r«ll« 

[^©ift^] 

3 X-f 1 1 X-Ty^>^**«^# 

®s 1 2 ibi£g§ (*>i$P«g<I^§g£#a) > 13 ^ 

-r 5>^flr«58ft#«» 1 4 wEBMMreissra. 

15 *+'J7 , fll«Bft*IB» 18 7-r*D3Vtfa 

-* (tmMreanwis) . 33 *4v?><?im& 

£#a. 4 3 ^-f^navfcTii-* («E^HWB 

<b#a) . 4 4 *EE*rai«*B£#a* 45 

T-ft^^a, 4 6 ESS. 



(9) 



mm 2002-1 86251 



rum 



[12] 



Vln 




Vout 



!«*"jri« ?v g 



,11 



13 



14 



V* 



17 

16 



ROM 



. 14a 



15c 



1 94i>rmtt!k^& 



15 



151P- 



! 15a' 



I 



3 :i*jtv9'*ff- 



i _ 



[H3] 



'/I 


A 


■A 




/ 


r 


/\ 




/ 
























Tor 


I 












Td, 

! 

: 




Td 


— i 

i 


d 








rfc 


T 


| 

i 





+TVT«fa 




[04] 



Vdd 




Vcrat 



19-^- 

i 



I 



JET 

|jt«» r -20 

gggggWBJ 



Sl-j S2-v 

» 

14 



- 18 



A/D 

3 V/t- * 



14b 



^14a 



ttsjt4Ni|9ift&*ft 



15b ^ 
15a ' 



18 : M9WC9r9 



ft 
« 

F 



15 



(10) 



$#B§ 2002-1 86251 



[05] 



[06] 



C OTART ) 



i_ 1 



ST5-1 



To»=V»/Vla 

T<rffc=T-Ton 



SI«b ■ Toff 
S2=S 14-Ton 



ST5-2 



ST5-3 



ST5-4 



ST5~5 



ST5-6 



*1<*>*«I 
**S1 



PI 



P2 




Psw 



I Tan 



17] 



V5 (101) 



V3(0II) 




V4(IC0) 



V2^010) 



Vfi(lio) 



<44aJ 



A/D 



/ 



ri 



V/F 



^43 



_44 b ' B, 4 j 




Sb 



45b 



JttfeS 



s*a#a 



T 

35 



Pv 



42 
h-2a 



36 



AT 



t 



43 : VjfTByt'ir* 

46 : >/<-*@& 



(11) 



&M2 0 0 2-1 862 



[BI9] 



mi 0] 





11 11 



11 3] 



( START ) 



, SJ11-1 



T 



X 



FTO U rt: * n 7 ? * * * > y *■ * „ 



I 



ST11-2 



ST11-3 



ST11-4 



X 



MWMSa.Sa'-,, Sb,a' 
Sc.Sc *|}*1-*o 



ST11-6 



WaMreSa.Sa , Sb.Sb' 

sc,sc «:m*-r&c 



C "O 



ST11-7 



sb; 

Sc' 

Sc 
Sb 
Sa 

Pa 

Pa' 

Pb 

Pb' 

Pc 

Pc' 

Pa 

Pv 

Pw 



I 

i 


2a 














































































































0 | 1 1 1 


1 1 I 


0 


0 j 0 


1 1 


1 1 


0 


0 


i 1 . 1 — 

0 i 0 0 1 


1 


0 


0 


0 


— ! — 1 — ' 

V0jV4 j V6!V7 


V7 


V6 


V4 


vo 


T 


T 



(12) 



#12002-186251 



[Ell 2] 



II 5] 





(a) 


(b) 


(c) 


(d) 


(e) 


<f> 


Sa 


bXta 


Sb+tc 


Sc-rtc 


Sb+tb 


Sc+ib 


bXtm 


Sb 


Sa-Kb 


bXu 


bXta 


So+te 


Sa-Kc 


Sc+tb 


Sc 


Sb+tc 


Sa+tb 


SbHb 


bXta 


bXta 


Sstrtc 


Sa 






2T- 


Sa 






Sb' 






2T- 


Sb 






Sc 


2T— Sc 



51 52 



fc/fL ta= U-kXan U + ir/3> I T 
tb= IkXsin U/3-0) I T 
tc= tkXsm^l T 



58 
55 



56 



\ 



60\ 



,54 



5 W 



11 4] 



Pnj_ 
t 

Pv! 

i 

! 

PWrj 



b=02 



b=a7 



VO V4 



V6 i V7 ! V7 , V6V4 Vo\vAV6 V7 ! V7 V6 V4 VO* VD V4 V6^V7 Vv4 VO 



VO 



F£~M##) 5H007 AA01 BB06 CA01 CB02 CB05 

CC03 DA01 DB07 DC04 DC05 

EA03 EA04 EA14 

5H730 AA14 AS05 BB13 BB57 DD02 
FF07 FG05 



This Page is Inserted by IFW Indexing and Scanning 
Operations and is not part of the Official Record 

BEST AVAILABLE IMAGES 

Defective images within this document are accurate representations of the original 
documents submitted by the applicant. 

. ■ ' 

Defects in the images include but are not limited to the items checked: 

□ BLACK BORDERS 

□ IMAGE CUT OFF AT TOP, BOTTOM OR SIDES 
ElFADED TEXT OR DRAWING 
ETbLURRED OR ILLEGD3LE TEXT OR DRAWING 

□ SKEWED/SLANTED IMAGES 

□ COLOR OR BLACK AND WHITE PHOTOGRAPHS 

□ GRAY SCALE DOCUMENTS 

□ LINES OR MARKS ON ORIGINAL DOCUMENT 

□ REFERENCE^) OR EXHBBIT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: 

IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 



